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1.0 INTRODUCTION 

This Site Investigation Report summarizes the results of site investigation activities conducted at 
Underground Storage Tank (UST) Site 16144 located at Marine Corps Base (MCB) Camp 
Pendleton, California (Figure 1-1). The site investigation was completed pursuant to a Work Plan 
that was reviewed and found acceptable by the California Regional Water Quality Control Board 
(RWQCB), San Diego Region in a letter dated February 2, 2005 (reference SMC: 50-
0633.05:peurp). This report was prepared by SES-TECH, a joint venture between Sealaska 
Environmental Services LLC and Tetra Tech EC, Inc. (TtEC), on behalf of the United States 
Department of the Navy, Naval Facilities Engineering Command, Southwest, under Contract 
No. N68711-04-D-1104, Contract Task Order No. 0003. 

UST Site 16144 is regulated under the Title 22 California Code of Regulations, Division 4.5, 
Chapter 14, Article 6, and the California Health and Safety Code, Sections 25187 through 25189, 
which require those responsible for the release of hazardous substances to take necessary 
corrective actions to remedy the release. The document guiding the investigation at the site is the 
San Diego County Land and Water Quality Division Site Assessment and Mitigation Manual 
2005 [Department of Environmental Health (DEH), 2005]. The RWQCB is the lead regulatory 
agency overseeing environmental activities at the site. 

1.1 OBJECTIVES AND SCOPE 

Results of an Environmental Site Assessment completed in 2000 indicated that total petroleum 
hydrocarbons quantified as diesel (TPH-d) were present in shallow soils (less than approximately 
20 feet deep), in deep soils (between approximately 30 to 40 feet deep), and in groundwater 
(Ninyo and Moore, 2000). Two groundwater monitoring wells were installed during the site 
assessment, and during sampling, one of the wells was found to be dry. It was concluded that the 
deep soil results were potentially not related to the site. Furthermore, due to the dry well, 
groundwater data were inadequate to determine quality and gradient. Thus, the primary 
objectives of this additional site investigation are to determine if the deeper TPH-d 
contamination is related to the site, and install additional monitoring wells to determine 
groundwater quality and gradient. 

The general scope of work included: 

• Drill and sample four soil borings to further evaluate the horizontal and vertical 
extent of TPH-d-impacted soil. 

• Drill a shallow boring near a water line to determine if the line is leaking. 

• Collect surface soil samples along a steep slope adjacent to the site to determine if 
contamination is migrating to the ground surface. 

• Install and sample three additional groundwater monitoring wells. 
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1.2 SITE IDENTIFICATION 

The following is a list of site identification data: 

Site Address: UST Site 16144, 16 Area, MCB Camp Pendleton,  
California  92055 

Facility Name: Administration and General Storage Building 

DES Case No. H05939-031 

RWQCB Case No. 9UT631 

Property Owner: United States Marine Corps 

Contact Person: Mr. Chet Storrs  
Remediation Branch Manager 
Assistant Chief of Staff, Environmental Security  
Marine Corps Base, Building 22165 
Camp Pendleton, California 92055-5008 
(760) 725-9774 

Remedial Project 
Manager: 

Mr. Bipin Patel  
Naval Facilities Engineering Command, Southwest  
1220 Pacific Highway 
San Diego, California 92132-5190 
(619) 532-4814 

Responsible Party: United States Marine Corps 

 

1.3 SITE DESCRIPTION 

The site is located behind an Administration/General Storage Building located in the 16 Area, 
MCB Camp Pendleton (Figure 1-2). The site is situated along the edge of the top of the east rim 
of Windmill Canyon at an approximate elevation of 400 feet above mean sea level. Immediately 
to the west of the site, the canyon wall begins sloping steeply to the canyon floor, approximately 
280 feet below. 

Two 1,000-gallon concrete reinforced USTs were installed behind Building 16144 in 1943. The 
tanks were used to supply diesel fuel to boilers in the facility for heating. The USTs were each 
7 feet in height and 6 feet in diameter.  
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2.0  SITE BACKGROUND 

The following sections present a summary of previous site investigations and a general summary 
of site geology and hydrogeology. 

2.1 PREVIOUS SITE ACTIVITIES 

An initial site assessment was conducted between December 1991 and February 1992 (Ninyo 
and Moore, 2000). Four borings (B16144-1 through -4) were drilled to 19 feet below ground 
surface (bgs), and one boring (B16144-6), located to the west of the tank cavity near the top of 
the canyon wall, was drilled to 50 feet bgs. Groundwater was encountered at approximately 
45.5 feet bgs in boring B16144-6, but was not sampled. Soil samples were collected every 5 feet 
and analyzed for total recoverable petroleum hydrocarbons (TRPH) by U.S. Environmental 
Protection Agency (EPA) Method 418.1. Results indicated that TRPH was present in soil to the 
west of the tank cavity at a concentration up to 7,338 milligrams per kilogram (mg/kg) and up to 
30 feet bgs. Results of the sampling are summarized on Table 2-1 and Figure 2-1. 

In 1996, both USTs and all ancillary piping were removed from the site by the Navy Public 
Works Center (Ninyo and Moore, 2000). The UST excavation was approximately 10 feet by 
12 feet, and 10 feet in depth. Groundwater was not encountered during tank removal activities. 
Following UST removal, three soil samples were collected from the excavation bottom 
(Figure 2-1). Each sample was analyzed for total petroleum hydrocarbons quantified as gasoline 
(TPH-g) and TPH-d. TPH-d was detected in all three samples at concentrations ranging from 
370 mg/kg to 8,900 mg/kg (Table 2-1 and Figure 2-1), and TPH-g was not detected. 

In 2000, an Environmental Site Assessment was conducted to further evaluate the nature and 
extent of diesel contamination (Ninyo and Moore, 2000). Nine soil borings (16144-B1 through 
-B9) were drilled to depths up to 70 feet bgs in the vicinity of the former UST. Boring 16144-B1 
was located in the former tank cavity to assess the vertical extent of diesel in soil, and borings 
16144-B2 through -B9 were located to further assess the lateral extent of contamination.  

Groundwater grab samples (designated GW) were collected when groundwater was encountered. 
Groundwater was encountered in the four borings located near the western edge of the site 
between the former tank cavity and the edge of Windmill Canyon between approximately 40 and 
50 feet bgs. Despite leaving the other five borings [which were all drilled between 50 and 70 feet 
bgs (B1, B5, B6, B8, and B9)] open for approximately 28 days, groundwater was not 
encountered in these borings. 

Borings B3 and B7 were subsequently converted to groundwater monitoring wells MW1 and 
MW2, respectively. Groundwater was encountered at 43.6 feet bgs in MW1, and, after installing 
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well MW2 to 55 feet bgs, it was found to be dry. Light non-aqueous phase liquid was not 
observed at the site. 

During drilling of the soil borings, soil samples were collected every 2.5 to 5 feet and analyzed 
for TPH-d and TPH-g. One sample from each of the borings that detected TPH-d (B1, B3, and 
B4) was also analyzed for benzene, toluene, ethylbenzene and total xylenes (BTEX), methyl tert-
butyl ether (MTBE), other ether oxygenates (EO) (tert-butyl alcohol, di-isopropyl ether, ethyl 
tert-butyl ether, and tert-amyl methyl ether), polynuclear aromatic hydrocarbons (PAHs), and 
Synthetic Precipitation Leaching Procedure (SPLP)/TPH-d, SPLP/BTEX/MTBE, SPLP/EO, and 
SPLP/PAHs.  

Soil sample results indicated that TPH-d was detected down to 10 feet beneath the former tank 
cavity (up to 6,200 mg/kg). Contamination was not detected below the former tank cavity 
between 10 and 70 feet bgs. TPH-d was also detected to the southwest of the former tank cavity 
between 30 and 40 feet bgs in boring B3, and at 5 feet and at 35 feet bgs in boring B4 (Figure 2-
1). All other soil samples were non-detect for TPH-d. Relatively low levels of BTEX, and some 
PAHs (acenaphthene, fluorene, naphthalene, and phenanthrene) were reported in the samples 
selected for additional analyses (one sample from each boring that encountered TPH-d). Results 
of all soil sample analyses are included on Table 2-2, and the TPH-d results are also summarized 
on Figure 2-1.  

Groundwater grab samples were collected during drilling from borings B2, B3, B4, and B7, and 
a groundwater sample was collected from MW1 (boring B3) after a permanent monitoring well 
was installed. TPH-d was detected in the grab sample from B2 at 0.4 milligrams per liter (mg/L), 
from B3 at 57 mg/L, and from B4 at 1.3 mg/L (Table 2-3). The groundwater sample from 
monitoring well MW1 (boring B3) contained TPH-d at 0.55 mg/L (Table 2-3). The groundwater 
sample from well MW1 was also analyzed for volatile organic compounds (VOCs) (including 
BTEX, MTBE, and EOs) and PAHs. VOCs and PAHs were not detected in MW1. 

2.2 GEOLOGY AND HYDROGEOLOGY 

The site is located in the San Luis Rey River-Windmill Canyon watershed. An unnamed 
ephemeral stream is located approximately 460 feet west of the site at the bottom of Windmill 
Canyon. The stream flows in a southerly direction, discharges into Windmill Lake and the San 
Luis Rey River, and has designated beneficial uses of agricultural supply, industrial service 
supply, contact and non-contact water recreation, warm freshwater habitat, and wildlife habitat. 
The nearest major surface water body is Lake O’Neill, located in a different watershed 
approximately 2 miles north of the site. 

Based on available geologic and hydrogeologic literature, and observations during site 
investigation activities, the site is underlain by fill, the Tertiary-aged Santiago Formation, and 
Cretaceous-aged decomposed granite. The fill extends from near surface to approximately 7 feet 
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bgs and generally consisted of gray to brown silty sand. The Santiago Formation is present 
between approximately 7 feet bgs and 43 to 53 feet bgs, and typically consists of gray to 
greenish-gray siltstone to sandstone. The top of the decomposed granite was typically 
encountered between approximately 43 to 53 feet bgs.  

The site is within the Mission Hydrologic Subarea (903.11) within the Lower San Luis 
Hydrologic Area of the San Luis Rey Hydrologic Unit. The hydrologic area has designated 
groundwater beneficial uses for municipal, agricultural, and industrial service supply. Based on 
Geographical Information System data provided by the Assistant Chief of Staff, Environmental 
Security, MCB Camp Pendleton, the nearest water supply well (10/4) is located approximately 
1.5 miles northwest of the site, in the Santa Margarita Valley Groundwater Basin.  

During the 2000 Environmental Site Assessment (Ninyo and Moore, 2000), groundwater was 
observed between 42 and 50 feet bgs, but only in the four borings located to the west of the 
former tank cavity closest to a water line located along the rim of Windmill Canyon (Figure 2-1). 
Groundwater was not observed in the remaining borings located within and to the east of the 
former tank cavity. These borings were drilled between 50 and 70 feet bgs, left open for over 
28 days, and were still dry. Two groundwater monitoring wells were subsequently installed 
(MW1 and MW2), and groundwater was measured at approximately 44 feet bgs in MW1. 
However, after installing well MW2 to 55 feet bgs, it was found to be dry.  

During the additional site investigation activities completed in 2005 (see Section 3.0), moist soil 
was encountered in borings B10, B11, and B12 between approximately 35 and 40 feet bgs. 
Based on this observation, each boring was left open for approximately 24 hours to determine if 
water would enter the boring. After the 24-hour period, enough water had entered the borings to 
support installing three new permanent 4-inch-diameter groundwater monitoring wells (MW3, 
MW4, and MW5, respectively). Boring B13 was also left open for 24 hours and water did not 
enter the boring. Groundwater was also encountered in boring B14, drilled next to the water line 
located adjacent to the edge of Windmill Canyon at approximately 6 feet bgs. Due to several 
factors including 1) the presence of shallow groundwater located adjacent to the water line at the 
edge of the canyon (6 feet bgs), 2) groundwater present at approximately 40 feet bgs in wells 
located between the water line and the former tank cavity, and 3) no groundwater previously 
reported up to 70 feet bgs beneath the former tank cavity (Ninyo and Moore, 2000), it appears 
that the groundwater near the former tank cavity is primarily present due to one or more leaks in 
the water line. 
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3.0  SITE INVESTIGATION 

In July 2005, fieldwork for the site investigation at UST Site 16144 was completed in accordance 
with a site-specific Work Plan [Tetra Tech FW (TtFW), 2004]. 

3.1 SOIL AND GROUNDWATER SAMPLING 

Following utility clearance and Base notification, four relatively deep soil borings (B10, B11, 
B12, and B13) were advanced around and between previously identified areas of shallow and 
deep contamination, and one relatively shallow boring (B14) was advanced adjacent to a nearby 
water line. The locations of these soil borings are shown on Figure 3-1. Soil boring logs 
[prepared in accordance with the Unified Soil Classification System (U.S. Bureau of 
Reclamation, 1986)], the boring permit, and well sampling forms are included in Appendix A. In 
addition, since data from the Environmental Site Assessment indicated that TPH-d-impacted soil 
had migrated toward the edge of Windmill Canyon, three surface soil grab samples were 
collected along the slope of the canyon at the same elevation that the contamination was detected 
in the nearby soil borings (the sampling locations were identified with the use of a Brunton 
compass and a tape measure) and analyzed for TPH-d. One surface soil sample was collected on 
the slope of the canyon wall near the deepest soil contamination encountered in previous boring 
B16144-6 (approximately 42 feet below the top of the canyon wall), and two surface soil 
samples were collected on the slope of the canyon wall near the soil contamination encountered 
in previous boring B3/MW1 (approximately 57 feet below the top of the canyon wall) 
(Figure 3-1). 

Each soil boring was advanced using a hollow-stem auger drill rig to facilitate the collection of 
soil samples. Soil samples were collected every 5 feet to the total depth of each boring (except 
for shallow boring B14) using a split-spoon sampler lined with pre-cleaned stainless steel 
sleeves. Boring B14 was drilled to 15 feet to determine if the nearby water line was leaking, and 
only a water sample was collected from this boring. All soil samples were analyzed for TPH-d, 
and the sample from each boring with the highest TPH-d concentration was further analyzed for 
VOCs (including BTEX, MTBE, and other oxygenates), and PAHs. En Core® samplers were 
used to collect samples for VOC analysis, and the remaining sample sleeves were sealed with 
Teflon® sheets and plastic end caps, labeled, and placed in a pre-chilled ice chest in accordance 
with project-specified requirements (TtFW, 2004). All non-disposable sampling equipment was 
decontaminated before sampling, between samples, and prior to leaving the site. 

The four deep borings (B10, B11, B12, and B13) were drilled and sampled to between 45 to 55 
feet bgs, where granitic bedrock was encountered. During drilling, moist soil was encountered in 
borings B10, B11, and B12 between approximately 35 and 40 feet bgs. Based on this 
observation, each boring was left open for approximately 24 hours to determine if water would 
slowly enter the boring. After the 24-hour period, enough water had entered the borings to 
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support installing permanent 4-inch-diameter groundwater monitoring wells (MW3, MW4, and 
MW5, respectively) (Figure 3-2) (see Appendix A for well construction details). However, after 
waiting 24 hours, water did not enter B13, and the boring was backfilled with bentonite from 
total depth to the ground surface.  

Boring B14 was drilled to 15 feet bgs next to the water line located adjacent to the site to 
evaluate whether the line was leaking and impacting local groundwater conditions. After waiting 
24 hours, water entered the boring and rose to approximately 6 feet bgs. A grab sample of 
groundwater was collected with a disposable bailer and analyzed for VOCs, which included the 
analyses for trihalomethanes (chloroform, bromoform, bromodichloromethane, and 
dibromochloromethane). Trihalomethanes are common byproducts of the chlorination process of 
drinking water, and if trihalomethanes were present in the groundwater, it would further suggest 
the source of the water was the water line. 

After installing the three new groundwater monitoring wells, the wells were developed, and a 
survey was performed by a state of California-certified surveyor to delineate the location and 
elevation of each well (see boring logs, Appendix A). These parameters were determined to an 
accuracy of 0.01 foot vertically and 0.1 foot horizontally, and were in accordance with the North 
American Datum 83 and the North American Vertical Datum 88, respectively. 

Groundwater samples were collected from each of the new wells on July 21, 2005. Existing well 
MW2 was dry, and MW1 was not sampled because free product was present (0.09 feet). All 
groundwater samples were analyzed for TPH-d, VOCs, and PAHs. 

Prior to groundwater sampling, the depth to water in each well was measured and recorded on a 
well sampling log (Appendix A). The depths were measured from the top of the well casing. 
Table 3-1 provides a summary of the groundwater elevation data. Before sampling, a bladder 
pump was slowly lowered into each well and positioned near the center of the screen interval. In 
addition, a water level indicator was placed at the water surface to monitor water-level 
drawdown during purging. While purging at the lowest operational setting of the pump, which 
was approximately 100 to 110 milliliters per minute, the water level surface began to drop and 
exceeded the minimum drawdown requirement of 0.33 feet.  

Because a stabilized water level could not be achieved, even at very low pumping rates, a 
passive, or minimum purge, sampling method was performed following the methodology 
presented in an EPA Groundwater Issue paper titled Low-Flow (Minimal Drawdown) Ground-
Water Sampling Procedures (Puls and Barcelona, 1996). The passive/minimal purge approach 
requires the removal of a minimum of three volumes of the sampling system from each well. The 
liquid volume of the sampling system consists of the volume of the pump’s bladder, discharge 
tubing and flow through cell attached to the water quality meter. After purging, the required 
volume at the lowest flow rate achievable for each well, a groundwater sample was collected. To 
monitor groundwater conditions during purging, water quality parameters were measured 
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including: temperature, pH, electrical conductivity, turbidity, dissolved oxygen, and 
oxygen/reduction potential. These measurements were recorded on the well sampling logs 
provided in Appendix A. All non-disposable down-hole equipment, such as the pump and water-
level indicator, were decontaminated between wells. 

Groundwater samples were collected through new polyethylene discharge tubing, which was 
connected to the bladder pump. Each sample was collected in the appropriate containers, labeled, 
and placed in a cooler with ice immediately after sample collection for delivery to the analytical 
laboratory. 

3.2 WASTE MANAGEMENT 

Wastes from the site characterization activities (soil cuttings, decontamination water, and well 
purge water) were containerized in Department of Transportation approved 55-gallon drums and 
transported to an appropriate disposal facility. The handling, management, transportation, and 
disposal of wastes were conducted in accordance with state and federal laws and regulations. No 
wastes were stored at the site for more than 60 days. A copy of the waste manifest is included as 
Appendix B. 
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4.0  ANALYTICAL RESULTS 

The analytical results for soil and groundwater samples collected during the additional site 
investigation are discussed in this section, summarized in Tables 4-1 and 4-2, and presented on 
Figures 3-1 and 3-2. A cross section through the site is also included as Figure 3-3. Copies of the 
laboratory reports and chain-of-custody forms are provided in Appendix C. 

4.1 SOIL BORING ANALYTICAL RESULTS 

All soil samples were analyzed for TPH-d, and the sample from each boring with the highest 
TPH-d concentration was further analyzed for VOCs (including BTEX, MTBE, and other 
oxygenates), and PAHs. TPH-d was detected in B11 at 5 feet bgs (2,000 mg/kg), 10 feet bgs 
(1,400 mg/kg) and 30 feet bgs (23,000 mg/kg), and in B12 at 25 feet bgs (13 mg/kg). TPH-d was 
not detected in any of the soil samples collected from borings B10 and B13 (Figure 3-1).  

The soil samples from 30 feet bgs in B11 and from 25 feet bgs in B12 were further analyzed for 
VOCs and PAHs. The only VOC reported was acetone. Acetone, a likely laboratory 
contaminant, was reported at an estimated value of 21 micrograms per kilogram (μg/kg) in B11, 
and at an estimated value of 28 μg/kg in B12 (Table 4-1). Several PAHs were also reported to be 
present in both samples at low to estimated (trace) levels (Table 4-1).  

4.2 SURFACE SOIL ANALYTICAL RESULTS 

The three surface soil samples collected on the slope of Windmill Canyon (SS1, SS2, and SS3) 
(Figure 3-1) were analyzed for TPH-d. Surface soil sample SS3 was collected at the same 
elevation as the deepest soil contamination encountered in previous boring B16144-6 
(approximately 42 feet below the top of the canyon wall), and surface soil samples SS1 and SS2 
were collected at the same elevation as the soil contamination encountered in previous boring 
B3/MW1 (approximately 57 feet below the top of the canyon wall).  

TPH-d was not detected in the surface soil sample collected near boring B16144-6; however, 
very low levels of TPH-d were reported (with chromatograms that displayed a heavier fuel 
pattern than diesel) in the two samples collected near boring B3/MW1. It was reported that 
surface soil sample SS1 contained 11 mg/kg of TPH-d, and surface soil sample SS3 contained 
10 mg/kg of TPH-d (Figure 3-1).  

4.3 GROUNDWATER SAMPLE ANALYTICAL RESULTS 

On July 21, 2005, groundwater samples were collected from new wells MW3, MW4, and MW5. 
Existing well MW2 was dry, and MW1 was not sampled because free product (0.09 feet) was 
present. All groundwater samples were analyzed for TPH-d, VOCs, and PAHs. 
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TPH-d was detected in each well. MW3 contained TPH-d at 0.27 mg/L, MW4 contained 
4.9 mg/L of TPH-d, and MW5 contained 6.3 mg/L of TPH-d. Trace to very low levels of some 
VOCs were also detected, including cis-1,2-dichloroethene in MW5 at 0.77 micrograms per liter 
(μg/L) (Table 4-2). Toluene was detected in each well up to a maximum of 0.64 μg/L, total 
xylenes were detected in MW3 at 0.43 μg/L, and methyl ethyl ketone was reported in MW5 at 
5.4 μg/L. Acetone, a common laboratory contaminant, was also reported in well MW5 at 17 
μg/L (Table 4-2). PAHs were not detected in any of the wells. 

The groundwater grab sample collected from 6 feet bgs in boring B14 (located adjacent to the 
water line along the western edge of the site) was analyzed for VOCs, including trihalomethanes. 
No VOCs, including trihalomethanes, were detected in B14.  

Prior to collecting groundwater samples, water level elevations were recorded in each well. As 
shown on Figure 3-2, groundwater elevations at the site ranged from approximately 398 feet 
above mean sea level (amsl) at B14 (located near the water line along the edge of Windmill 
Canyon) to 360.03 feet amsl at MW1. Based on water the levels measured in July 2005, 
groundwater is flowing to the east with a steep gradient between approximately 2.5 to 8 feet per 
foot. Due to the steep groundwater gradient to the east from the water line along the edge of 
Windmill Canyon, and the absence of groundwater to 70 feet bgs as indicated during the 2000 
Environmental Site Assessment (Ninyo and Moore, 2000), it is clear that the water line is leaking 
and impacting local groundwater conditions (Figure 3-2).  
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL 

All samples were collected and preserved in accordance with the San Diego County DEH Land 
and Water Quality Division Site Assessment and Mitigation Manual 2005 (DEH, 2005). Samples 
were transported to the analytical laboratory following sample collection and were analyzed 
within the method-specific analytical holding times. EMAX Laboratories Inc., a State of 
California-certified and Naval Facilities Engineering Service Center-evaluated laboratory, 
performed the sample analyses for this project. This section summarizes quality assurance and 
quality control (QC) results for the site investigation sampling and analysis activities. 

To assess sampling variability, one groundwater field duplicate sample was collected at MW5 
(identified as 0003-060) and analyzed for VOCs, TPH-d, and PAHs. The relative percent 
difference (RPD) between the field duplicate and primary sample (identified as 0003-059) for 
TPH-d was 10 percent, indicating excellent field precision. The calculated RPD for detected 
VOCs (acetone and cis-1,2-dichloroethene) were 34 and 8 percent, respectively indicating 
acceptable field precision. High RPDs are expected for sample results near the reporting levels 
(RLs). No PAHs were detected in any of the samples; therefore, the RPD between the field 
duplicate and the original sample could not be calculated. A soil field duplicate (identified as 
0003-018) was also collected at boring B11. Since TPH-d was not detected in either the original 
sample (identified as 0003-017) or the duplicate sample, the RPD could not be calculated. 

In accordance with the analytical method specifications, method blanks, surrogate spikes, and 
laboratory control samples (LCSs) were analyzed to assess method accuracy and precision. A 
matrix spike (MS) and matrix spike duplicate (MSD) sample pair was also analyzed by the 
laboratory. 

No detectable levels of TPH-d, VOCs, or PAHs were found in the method blanks above half the 
project RLs during this event. Percent recoveries in LCSs, surrogates, and MS/MSD samples, as 
well as RPDs between unspiked and spiked sample duplicates, were well within the project-
specific QC acceptance limits with one exception. Surrogates in two of the samples for TPH-d 
and PAHs were recovered high due to matrix effect caused by high native concentrations.  

A third-party validation company, Laboratory Data Consultants, Inc., located in Carlsbad, 
California, performed validation of the laboratory data. Four samples out of 43 were validated in 
accordance with EPA Level IV protocols, and the remaining samples were validated in 
accordance with EPA Level III protocols. The validation reported that all of the applicable 
criteria were met for all of the samples with a few minor exceptions. Data validation reported 
only minor discrepancies, which resulted in “J” qualifiers (estimated value) applied to some of 
the sample results. 
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6.0 SUMMARY AND RECOMMENDATIONS 

The sections below summarize the results of the site investigation, provide an evaluation of site 
data, and include recommendations for future work. 

6.1 SUMMARY 

Results from site investigation activities at UST Site 16144 indicate that the extent of diesel-
impacted soil (TPH-d greater than 100 mg/kg) extends from the former tank cavity to the 
northwest approximately 30 feet, and from the former tank cavity to the southwest approximately 
50 feet (see Figure 3-1). TPH-d was encountered in relatively shallow soils beneath the former 
tank cavity (up to 10 feet bgs), and in deeper soils located both to the northwest (up to 30 feet 
bgs) and to the southwest (up to 40 feet bgs) of the former tank cavity. The highest reported 
concentration of diesel (TPH-d) was 23,000 mg/kg located to the northwest of the former tank 
cavity at 30 feet bgs (B11). Surface soil samples collected along the canyon slope at the same 
depth as contamination previously detected in nearby soil borings indicated that TPH-d has not 
migrated to the canyon slope to the northwest of the former tank cavity and was reported in very 
low levels (10 mg/kg and 11 mg/kg) (with chromatograms that displayed a heavier fuel pattern 
than diesel) along the slope located to the southwest of the former tank cavity.  

During the Environmental Site Assessment (Ninyo and Moore, 2000) groundwater was 
encountered between approximately 40 and 50 feet bgs in soil borings located to the west of the 
former tank cavity relatively close to the water line located along the edge of Windmill Canyon. 
Despite leaving the other soil borings located within, and to the east of the former tank cavity 
open for approximately 28 days, which were all drilled between 50 and 70 feet bgs (B1, B5, B6, 
B8, and B9), groundwater was not encountered in these borings. This data suggested the water 
line located along the rim of Windmill Canyon could be leaking and influencing local 
groundwater conditions.  

During the site investigation three additional groundwater monitoring wells were installed and a 
shallow boring was drilled next to the water line to determine the direction of groundwater flow 
and if the water line was leaking. Site investigation data indicated shallow groundwater was 
present next to the water line (6 feet bgs in B14), groundwater was present at approximately 
40 feet bgs in wells located between the water line and the former tank cavity (MW3, MW4, and 
MW5), and groundwater was not present up to 55 feet bgs relatively near the water line to the 
south of the former tank cavity (B13). This data, along with the fact that groundwater was not 
previously encountered up to 70 feet bgs beneath the former tank cavity (Ninyo and Moore, 
2000), indicate that groundwater is flowing from the water line located west of the former tank 
cavity to the east with a steep gradient (see Figure 3-2). Since groundwater was not encountered 
near the water line south of the tank cavity to 55 feet bgs (B13), the water line may not be 
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leaking, or may not be leaking as much, in that area. Overall, water elevation data indicate that 
groundwater near the former tank cavity is primarily present due to one or more leaks in the 
water line.  

To evaluate groundwater quality, groundwater samples were collected from the three new 
monitoring wells (MW3, MW4, and MW5). Existing well MW2 was dry, and existing well 
MW1 was not sampled due to the presence of free product (0.09 feet). TPH-d was detected in 
each well between 0.27 and 6.3 mg/L. Trace to very low levels of some VOCs were also 
detected, including cis-1,2-dichloroethene (0.77 μg/L), toluene (up to 0.64 μg/L), total xylenes 
(0.43 μg/L), and methyl ethyl ketone (5.4 μg/L) (see Table 4-2). PAHs were not detected in any 
of the wells. 

Overall, results from the site investigation indicate that the local hydrogeology is significantly 
impacted by the water line located to the west of the former tank cavity. Data indicate that diesel 
leaked from the former UST and migrated from the former tank cavity to the west toward the 
water line located on the edge of Windmill Canyon (Figure 3-3). Water elevation data indicate 
that the water line is leaking and groundwater is flowing to the east with a steep gradient toward 
the former tank cavity. At the one location where free product was encountered (MW1), it 
appears that impacted soil, migrating to the west, intersected the top of groundwater that has a 
steep gradient to the east. Based on this observation, it appears that free product may only 
potentially be present where, due to the unusual geometry of the top of groundwater and the 
location of impacted soil, the top of groundwater and impacted soil intersect.  

6.2 RECOMMENDATIONS 

As discussed above, site investigation results further delineated the extent of diesel-impacted soil 
and the unusual nature of groundwater at the site. Recommendations for future work are based 
on current site conditions that include 1) the original contaminant source, the leaking USTs, have 
been removed, 2) it took at least 24 hours for groundwater to appear in the soil borings before 
deciding if it was possible to collect samples with permanent wells, suggesting that either the 
transmissivity of the aquifer is very low, or, more likely, the water line is leaking at a rate that is 
not “recharging” the aquifer as fast as would be expected in a “natural” aquifer, and 3) the site is 
on a topographic high at the rim of a canyon 1.5 miles from the nearest water supply well.  Based 
on current site conditions and location, significant active soil and groundwater remediation is not 
recommended at this time. However, it is proposed that a Corrective Action Plan be prepared for 
agency review that recommends the following: 

• Record groundwater elevations and collect groundwater samples quarterly for one 
year to evaluate groundwater quality and potential contaminant concentration trends. 

• Recover the free product from MW1 during the groundwater monitoring program. 
Due to the relatively small amount of product currently present (0.09 feet), in situ 
product recovery socks, or potentially a solar-powered recovery trailer, may be used. 
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TABLE 2-1

SUMMARY OF 1991/1992 INITIAL SITE ASSESSMENT AND 1996 TANK REMOVAL 
SOIL SAMPLE RESULTS, UST SITE 16144

Page 1 of 1

Sample Location Sample ID Date 
Sampled

Depth (feet 
bgs)

TPH-g 
(mg/kg)

TPH-d 
(mg/kg)

TRPH 
(mg/kg)

B16144-1-5 3-Dec-91 5 -- -- 771
B16144-1-10 3-Dec-91 10 -- -- 403
B16144-1-15 3-Dec-91 15 -- -- ND
B16144-1-19 3-Dec-91 19 -- -- ND
B16144-2-5 30-Jan-92 5 -- -- ND
B16144-2-10 30-Jan-92 10 -- -- ND
B16144-2-15 30-Jan-92 15 -- -- ND
B16144-2-19 30-Jan-92 19 -- -- 109
B16144-3-5 30-Jan-92 5 -- -- ND
B16144-3-10 30-Jan-92 10 -- -- ND
B16144-3-15 30-Jan-92 15 -- -- ND
B16144-3-19 30-Jan-92 19 -- -- ND(ND)
B16144-4-5 31-Jan-92 5 -- -- ND
B16144-4-10 31-Jan-92 10 -- -- ND
B16144-4-15 31-Jan-92 15 -- -- ND
B16144-4-19 31-Jan-92 19 -- -- ND
B16144-6-5 21-Feb-92 5 -- -- ND
B16144-6-10 21-Feb-92 10 -- -- ND
B16144-6-15 21-Feb-92 15 -- -- 2,826(2,493)
B16144-6-20 21-Feb-92 20 -- -- ND
B16144-6-25 21-Feb-92 25 -- -- ND
B16144-6-28 21-Feb-92 28 -- -- 108
B16144-6-30 21-Feb-92 30 -- -- 7,338
B16144-6-35 21-Feb-92 35 -- -- ND
B16144-6-40 21-Feb-92 40 -- -- ND
B16144-6-45 21-Feb-92 45 -- -- ND
B16144-6-50 21-Feb-92 50 -- -- ND
16144-A 17-Sep-96 10 ND 8,900 --
16144-B 17-Sep-96 11 ND 1,900 --
16144-C 17-Sep-96 11 ND 370 --

Detection Limits 10 10 10

Notes:
-- not analyzed for listed constituent
( ) duplicate analysis of sample
bgs - below ground surface
mg/kg - milligrams per kilogram
ND - analyte not detected at or above method detection limit
TPH-d - total petroleum hydrocarbons quantified as diesel
TPH-g - total petroleum hydrocarbons quantified as gasoline
TRPH - total recoverable petroleum hydrocarbons 
UST - Underground Storage Tank

Boring
B16144-1

Boring
B16144-2

Boring
B16144-3

Boring
B16144-4

UST Excavation

Boring
B16144-6
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TABLE 2-2

SUMMARY OF 2000 ENVIRONMENTAL SITE ASSESSMENT SOIL SAMPLE RESULTS, UST SITE 16144

Page 1 of 4

Sample Location Sample ID Date 
Sampled

Depth 
(feet bgs)

TRPH 
(mg/kg)

TPH-g 
(mg/kg)

TPH-d 
(mg/kg)

SPLP/TPH-d
(mg/L)

EOs
(mg/kg)

SPLP/EOs
(mg/L)

16144-B1-02.5 10-Jul-00 2.5 -- ND ND -- -- --
16144-B1-05 10-Jul-00 5 -- ND 730 -- -- --
16144-B1-07.5 10-Jul-00 7.5 -- ND 2,000 -- -- --

benzene 0.071 benzene 0.00078 acenaphthene 0.70
toluene 0.20 toluene 0.00096 fluorene 1.3
ethylbenzene 0.52 ethylbenzene 0.029 naphthalene 1.7
xylenes 2.2 xylenes 0.031 phenanthrene 2.8
MTBE ND MTBE 0.063(ND)

16144-B1-12.5 10-Jul-00 12.5 -- ND ND -- -- --
16144-B1-15 10-Jul-00 15 -- ND ND -- -- --
16144-B1-17.5 10-Jul-00 17.5 -- ND ND -- -- --
16144-B1-22.5 10-Jul-00 22.5 -- ND ND -- -- --
16144-B1-25 10-Jul-00 25 -- ND ND -- -- --
16144-B1-30 10-Jul-00 30 -- ND ND -- -- --
16144-B1-35 10-Jul-00 35 -- ND ND -- -- --
16144-B1-40 10-Jul-00 40 -- ND ND -- -- --
16144-B1-45 10-Jul-00 45 -- ND ND -- -- --
16144-B1-50 10-Jul-00 50 -- ND ND -- -- --
16144-B1-55 10-Jul-00 55 -- ND ND -- -- --
16144-B1-60 10-Jul-00 60 -- ND ND -- -- --
16144-B1-65 10-Jul-00 65 -- ND ND -- -- --
16144-B1-70 10-Jul-00 70 -- ND(ND) ND(ND) -- -- --
16144-B2-02.5 10-Jul-00 2.5 -- ND ND -- -- --
16144-B2-05 10-Jul-00 5 -- ND ND -- -- --
16144-B2-10 10-Jul-00 10 -- ND ND -- -- --
16144-B2-15 10-Jul-00 15 -- ND ND -- -- --
16144-B2-20 10-Jul-00 20 -- ND ND -- -- --
16144-B2-25 10-Jul-00 25 -- ND ND -- -- --
16144-B2-30 10-Jul-00 30 -- ND ND -- -- --
16144-B2-35 10-Jul-00 35 -- ND ND -- -- --
16144-B2-40 10-Jul-00 40 -- ND ND -- -- --
16144-B2-45 10-Jul-00 45 -- ND ND -- -- --
16144-B2-50 12-Jul-00 50 -- ND(ND) ND(ND) -- -- --
16144-B2-55 12-Jul-00 55 -- ND ND -- -- --
16144-B2-60 12-Jul-00 60 -- ND ND -- -- --

naphthalene 0.035

Boring
16144-B2

Boring
16144-B1

16144-B1-10 NDND--1010-Jul-00 1.306,200 ND

--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--

--

SPLP/PAHs
(mg/kg)

BTEX/MTBE
(mg/kg)

SPLP/BTEX/MTBE
(mg/L)

PAHs
(mg/kg)

-- -- --
-- -- --
-- -- --

--
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
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TABLE 2-2

SUMMARY OF 2000 ENVIRONMENTAL SITE ASSESSMENT SOIL SAMPLE RESULTS, UST SITE 16144

Page 2 of 4

Sample Location Sample ID Date 
Sampled

Depth 
(feet bgs)

TRPH 
(mg/kg)

TPH-g 
(mg/kg)

TPH-d 
(mg/kg)

SPLP/TPH-d
(mg/L)

EOs
(mg/kg)

SPLP/EOs
(mg/L)

SPLP/PAHs
(mg/kg)

BTEX/MTBE
(mg/kg)

SPLP/BTEX/MTBE
(mg/L)

PAHs
(mg/kg)

16144-B3-02.5 12-Jul-00 2.5 -- ND ND -- -- --
16144-B3-05 12-Jul-00 5 -- ND ND -- -- --
16144-B3-07.5 12-Jul-00 7.5 -- ND ND -- -- --
16144-B3-10 12-Jul-00 10 -- ND ND -- -- --
16144-B3-15 12-Jul-00 15 -- ND(ND) ND(ND) -- -- --
16144-B3-20 12-Jul-00 20 -- ND ND -- -- --
16144-B3-25 12-Jul-00 25 -- ND ND -- -- --
16144-B3-30 12-Jul-00 30 -- ND 19 -- -- --
16144-B3-35 12-Jul-00 35 -- ND 2,200 -- -- --

fluorene 0.63
naphthalene 1.5

16144-B3-45 12-Jul-00 45 -- ND ND -- -- --
16144-B3-50 12-Jul-00 50 -- ND ND -- -- --

benzene 0.00037
xylenes 0.00064

16144-B4-10 12-Jul-00 10 -- ND ND -- -- --
16144-B4-15 12-Jul-00 15 -- ND ND -- -- --
16144-B4-20 12-Jul-00 20 -- ND ND -- -- --
16144-B4-25 12-Jul-00 25 -- ND ND -- -- --
16144-B4-27.5 12-Jul-00 27.5 -- ND ND -- -- --
16144-B4-30 12-Jul-00 30 -- ND ND -- -- --
16144-B4-35 12-Jul-00 35 -- ND 750 -- -- --
16144-B4-40 12-Jul-00 40 -- ND ND -- -- --
16144-B4-45 12-Jul-00 45 -- ND ND -- -- --
16144-B4-50 12-Jul-00 50 -- ND ND -- -- --
16144-B4-55 12-Jul-00 55 -- ND ND -- -- --
16144-B4-60 12-Jul-00 60 -- ND(ND) ND(ND) -- -- --
16144-B5-05 13-Jul-00 5 -- ND ND -- -- --
16144-B5-10 13-Jul-00 10 -- ND ND -- -- --
16144-B5-15 13-Jul-00 15 -- ND ND -- -- --
16144-B5-20 13-Jul-00 20 -- ND ND -- -- --
16144-B5-25 13-Jul-00 25 -- ND ND -- -- --
16144-B5-30 13-Jul-00 30 -- ND ND -- -- --
16144-B5-35 13-Jul-00 35 -- ND ND -- -- --
16144-B5-40 13-Jul-00 40 -- ND ND -- -- --
16144-B5-45 13-Jul-00 45 -- ND ND -- -- --
16144-B5-50 13-Jul-00 50 -- ND ND -- -- --

Boring
16144-B3

--
--

4012-Jul-00

--

16144-B4-05

naphthalene 0.02816144-B3-40

0.14180ND--5 NDNDND

benzene 0.00033ND1.603,600ND--

Boring
16144-B5

Boring
16144-B4

ND

ND12-Jul-00 ND

--

--

ND

--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--

--
--

--

-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --

-- -- --
-- -- --

-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
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TABLE 2-2

SUMMARY OF 2000 ENVIRONMENTAL SITE ASSESSMENT SOIL SAMPLE RESULTS, UST SITE 16144

Page 3 of 4

Sample Location Sample ID Date 
Sampled

Depth 
(feet bgs)

TRPH 
(mg/kg)

TPH-g 
(mg/kg)

TPH-d 
(mg/kg)

SPLP/TPH-d
(mg/L)

EOs
(mg/kg)

SPLP/EOs
(mg/L)

SPLP/PAHs
(mg/kg)

BTEX/MTBE
(mg/kg)

SPLP/BTEX/MTBE
(mg/L)

PAHs
(mg/kg)

16144-B6-02.5 13-Jul-00 2.5 -- ND ND -- -- --
16144-B6-05 13-Jul-00 5 -- ND ND -- -- --
16144-B6-07.5 13-Jul-00 7.5 -- ND ND -- -- --
16144-B6-10 13-Jul-00 10 -- ND ND -- -- --
16144-B6-15 13-Jul-00 15 -- ND ND -- -- --
16144-B6-20 13-Jul-00 20 -- ND ND -- -- --
16144-B6-25 13-Jul-00 25 -- ND ND -- -- --
16144-B6-27.5 13-Jul-00 27.5 -- ND ND -- -- --
16144-B6-30 13-Jul-00 30 -- ND ND -- -- --
16144-B6-35 13-Jul-00 35 -- ND(ND) ND(ND) -- -- --
16144-B6-40 13-Jul-00 40 -- ND ND -- -- --
16144-B6-45 13-Jul-00 45 -- ND ND -- -- --
16144-B6-50 13-Jul-00 50 -- ND ND -- -- --
16144-B7-02.5 14-Jul-00 2.5 -- ND ND -- -- --
16144-B7-05 14-Jul-00 5 -- ND ND -- -- --
16144-B7-07.5 14-Jul-00 7.5 -- ND ND -- -- --
16144-B7-10 14-Jul-00 10 -- ND ND -- -- --
16144-B7-15 14-Jul-00 15 -- ND ND -- -- --
16144-B7-20 14-Jul-00 20 -- ND ND -- -- --
16144-B7-25 14-Jul-00 25 -- ND ND -- -- --
16144-B7-27.5 14-Jul-00 27.5 -- ND ND -- -- --
16144-B7-30 14-Jul-00 30 -- ND ND -- -- --
16144-B7-35 14-Jul-00 35 -- ND ND -- -- --
16144-B7-40 14-Jul-00 40 -- ND ND -- -- --
16144-B7-45 14-Jul-00 45 -- ND ND -- -- --
16144-B7-50 14-Jul-00 50 -- ND ND -- -- --
16144-B8-02.5 14-Jul-00 2.5 -- ND ND -- -- --
16144-B8-05 14-Jul-00 5 -- ND ND -- -- --
16144-B8-07.5 14-Jul-00 7.5 -- ND ND -- -- --
16144-B8-10 14-Jul-00 10 -- ND ND -- -- --
16144-B8-15 14-Jul-00 15 -- ND ND -- -- --
16144-B8-20 14-Jul-00 20 -- ND ND -- -- --
16144-B8-25 14-Jul-00 25 -- ND ND -- -- --
16144-B8-27.5 14-Jul-00 27.5 -- ND ND -- -- --
16144-B8-30 14-Jul-00 30 -- ND ND -- -- --
16144-B8-35 14-Jul-00 35 -- ND ND -- -- --
16144-B8-40 14-Jul-00 40 -- ND ND -- -- --
16144-B8-45 14-Jul-00 45 -- ND ND -- -- --
16144-B8-50 14-Jul-00 50 -- ND ND -- -- --

Boring
16144-B6

Boring
16144-B7

Boring
16144-B8

--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

--
--
--
--

-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
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TABLE 2-2

SUMMARY OF 2000 ENVIRONMENTAL SITE ASSESSMENT SOIL SAMPLE RESULTS, UST SITE 16144

Page 4 of 4

Sample Location Sample ID Date 
Sampled

Depth 
(feet bgs)

TRPH 
(mg/kg)

TPH-g 
(mg/kg)

TPH-d 
(mg/kg)

SPLP/TPH-d
(mg/L)

EOs
(mg/kg)

SPLP/EOs
(mg/L)

SPLP/PAHs
(mg/kg)

BTEX/MTBE
(mg/kg)

SPLP/BTEX/MTBE
(mg/L)

PAHs
(mg/kg)

16144-B9-05 1-Aug-00 5 -- ND ND -- -- --
16144-B9-07.5 1-Aug-00 7.5 -- ND(ND) ND(ND) -- -- --
16144-B9-10 1-Aug-00 10 -- ND ND -- -- --
16144-B9-15 1-Aug-00 15 -- ND ND -- -- --
16144-B9-20 1-Aug-00 20 -- ND ND -- -- --
16144-B9-30 1-Aug-00 30 -- ND ND -- -- --
16144-B9-40 1-Aug-00 40 -- ND ND -- -- --
16144-B9-50 1-Aug-00 50 -- ND ND -- -- --
16144-B9-55 1-Aug-00 55 -- ND ND -- -- --
16144-B9-60 2-Aug-00 60 -- ND ND -- -- --

Detection Limits 10 10 10 0.10
Notes:
( ) - Duplicate laboratory analysis
-- not analyzed for listed constituent
bgs - below ground surface
mg/kg - milligrams per kilogram
mg/L - milligrams per liter
BTEX/MTBE - benzene, toluene, ethylbenzene, total xylenes, and methyl tert-butyl ether 
EOs - ether oxygenates which include methyl tert-butyl ether, tert-butyl alcohol, di-isopropyl ether, ethyl tert-butyl ether, and tert-amyl methyl ether 
ND - analyte not detected at or above method detection limit
PAH - polynuclear aromatic hydrocarbon
SPLP - Synthetic Precipitation Leaching Proceedure 
TPH-d - total petroleum hydrocarbons quantified as diesel fuel
TPH-g - total petroleum hydrocarbons quantified as gasoline 
TRPH - total recoverable petroleum hydrocarbons 
UST - Underground Storage Tank

Boring
16144-B9 --

--
--
--
--

--
--
-- --

----
--

--
--

-- -- -- --
--

-- -- --
-- --

--
--

--
-- -- --
-- --

-- --

-- -- --
-- -- --
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TABLE 2-3

SUMMARY OF 2000 ENVIRONMENTAL SITE ASSESSMENT 
GROUNDWATER SAMPLE RESULTS, UST SITE 16144

Page 1 of 1

Sample ID Date 
Sampled

TPH-g
(mg/L) 

TPH-d
(mg/L) 

BTEX/MTBE
(μg/L) 

VOCs 
(inc. EOs)

(μg/L) 

PAHs
(μg/L)

16144-B2-GW1 12-Jul-00 ND 0.40 -- -- --

16144-B3-GW1 12-Jul-00 ND 57 -- -- --

16144-B3/MW1 7-Sep-00 ND 0.54(0.55) ND ND ND

16144-B4-GW1 14-Jul-00 ND 1.30 -- -- --

16144-B7-GW1 17-Jul-00 ND ND -- -- --

Detection Limits 0.10 0.10 Various Various Various
Notes:
( ) Laboratory duplicate analysis.

-- - not analyzed
μg/L - micrograms per liter

BTEX/MTBE - benzene, toluene, ethylbenzene, total xylenes and methyl tert-butyl ether
EOs - ether oxygenates which include methyl tert-butyl ether, tert-butyl alcohol, diisopropyl ether, ethyl-tert butyl
           ether, and tert-amyl methyl ether 
mg/L - milligrams per liter
ND - not detected
PAH - polynuclear aromatic hydrocarbon
TPH-d - total petroleum hydrocarbons quantified as diesel 
TPH-g - total petroleum hydrocarbons quantified as gasoline
UST - Underground Storage Tank
VOC - volatile organic compounds
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TABLE 3-1

SUMMARY OF 2005 SITE INVESTIGATION WATER LEVEL ELEVATIONS 
UST SITE 16144, MCB CAMP PENDELTON, CA

Page 1 of 1

Monitoring 
Well

Well Screen 
Interval

(feet btoc)

Reference Point 
(toc) Elevation 

(feet amsl)

Date 
Measured

Depth to 
Water 

(feet btoc)

Groundwater 
Elevation     
(feet amsl)

Comments

MW1 35-50 403.30 21-Jul-05 42.45 360.85 0.09 feet free product 
MW2 40-55 402.48 21-Jul-05 Dry Dry
MW3 30-45 402.53 21-Jul-05 40.68 361.85
MW4 30-45 402.76 21-Jul-05 41.42 361.34
MW5 29-44 403.29 21-Jul-05 41.87 361.42

Notes:

amsl-  above mean sea level

btoc-  below top of casing

MCB- Marine Corps Base

toc-  top of casing

UST-  Underground Storage Tank
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TABLE 4-1

SUMMARY OF 2005 SITE INVESTIGATION SOIL SAMPLE RESULTS
UST SITE 16144, MCB CAMP PENDLETON

Page 1 of 2

VOCs1 

(μg/kg)

Soil 
Location

Depth 
Sampled 
(feet bgs)

Sample ID Date 
Sampled

TPH-d
(mg/kg)
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B10 5 0003-046 7/12/05 ND -- -- -- -- -- -- -- -- --
10 0003-047 7/12/05 ND -- -- -- -- -- -- -- -- --
15 0003-048 7/12/05 ND -- -- -- -- -- -- -- -- --
20 0003-049 7/12/05 ND -- -- -- -- -- -- -- -- --
25 0003-050 7/12/05 ND -- -- -- -- -- -- -- -- --
30 0003-051 7/12/05 ND -- -- -- -- -- -- -- -- --
35 0003-052 7/12/05 ND -- -- -- -- -- -- -- -- --
40 0003-053 7/12/05 ND -- -- -- -- -- -- -- -- --
45 0003-054 7/12/05 ND -- -- -- -- -- -- -- -- --

B11 5 0003-009 7/11/05 2,000 -- -- -- -- -- -- -- -- --
10 0003-010 7/11/05 1,400 -- -- -- -- -- -- -- -- --
15 0003-011 7/11/05 ND -- -- -- -- -- -- -- -- --
20 0003-012 7/11/05 ND -- -- -- -- -- -- -- -- --
25 0003-013 7/11/05 ND -- -- -- -- -- -- -- -- --
30 0003-014 7/11/05 23,000 21 J 4.10 0.39 1.70 2.80 0.73 1.80 0.21 0.58
35 0003-015 7/11/05 ND -- -- -- -- -- -- -- -- --
40 0003-016 7/11/05 ND -- -- -- -- -- -- -- -- --
45 0003-017 7/11/05 ND -- -- -- -- -- -- -- -- --
45 0003-018(dup) 7/11/05 ND -- -- -- -- -- -- -- -- --
50 0003-019 7/11/05 ND -- -- -- -- -- -- -- -- --

B12 5 0003-023 7/11/05 ND -- -- -- -- -- -- -- -- --
10 0003-024 7/11/05 ND -- -- -- -- -- -- -- -- --
15 0003-025 7/11/05 ND -- -- -- -- -- -- -- -- --
20 0003-026 7/11/05 ND -- -- -- -- -- -- -- -- --
25 0003-027 7/11/05 133 28 J .018 J 0.017J 0.08 0.95 0.07 ND 0.06 0.02
30 0003-028 7/11/05 ND -- -- -- -- -- -- -- -- --
35 0003-029 7/11/05 ND -- -- -- -- -- -- -- -- --
40 0003-030 7/11/05 ND -- -- -- -- -- -- -- -- --
45 0003-031 7/11/05 ND -- -- -- -- -- -- -- -- --

B13 5 0003-035 7/12/05 ND -- -- -- -- -- -- -- -- --
10 0003-036 7/12/05 ND -- -- -- -- -- -- -- -- --
15 0003-037 7/12/05 ND -- -- -- -- -- -- -- -- --
20 0003-038 7/12/05 ND -- -- -- -- -- -- -- -- --
25 0003-039 7/12/05 ND -- -- -- -- -- -- -- -- --
30 0003-040 7/12/05 ND -- -- -- -- -- -- -- -- --
35 0003-041 7/12/05 ND -- -- -- -- -- -- -- -- --
40 0003-042 7/12/05 ND -- -- -- -- -- -- -- -- --
45 0003-043 7/12/05 ND -- -- -- -- -- -- -- -- --
50 0003-044 7/12/05 ND -- -- -- -- -- -- -- -- --
55 0003-045 7/12/05 ND -- -- -- -- -- -- -- -- --

PAHs1 (mg/kg)
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TABLE 4-1

SUMMARY OF 2005 SITE INVESTIGATION SOIL SAMPLE RESULTS
UST SITE 16144, MCB CAMP PENDLETON

Page 2 of 2

VOCs1 

(μg/kg)

Soil 
Location

Depth 
Sampled 
(feet bgs)

Sample ID Date 
Sampled

TPH-d
(mg/kg)
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PAHs1 (mg/kg)

SS-1 Surface2 0003-020 7/11/05 113 -- -- -- -- -- -- -- -- --
SS-2 Surface2 0003-021 7/11/05 103 -- -- -- -- -- -- -- -- --
SS-3 Surface2 0003-022 7/11/05 ND -- -- -- -- -- -- -- -- --
Notes:
1 Only analytes with reported detects listed
2 Surface soil grab sample from slope of canyon
3 Chromatogram does not exactly match diesel pattern, displayed heavier fuel pattern
-- - not analyzed
μg/kg - micrograms per kilogram
bgs - below ground surface
dup - duplicate
J - estimated value
MCB - Marine Corps Base
mg/kg - milligrams per kilogram
ND - not detected
PAH - polynuclear aromatic hydrocarbon
TPH-d - total petroleum hydrocarbons quantified as diesel
UST - Underground Storage Tank
VOC - volatile organic compound
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TABLE 4-2

SUMMARY OF 2005 SITE INVESTIGATION GROUNDWATER SAMPLE RESULTS
UST SITE 16144, MCB CAMP PENDLETON

Page 1 of 1

Sample 
Location Sample ID

Date 
Sampled

TPH-d
(mg/L) ci
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PAHs1

(μg/L)
MW3 0003-057 7/21/05 0.27 ND 0.64 0.43 J ND ND ND ND
MW4 0003-058 7/21/05 4.9 ND 0.24 J ND ND ND ND ND

0003-059 7/21/05 5.7 0.77 J 0.37 J ND 5.4 J 17 J ND ND
0003-060 (dup) 7/21/05 6.3 0.71 J ND ND ND 12 J ND ND

B142 0003-056 7/13/05 NA ND ND ND ND ND ND NA
Notes:
1 All other analytes not listed were not detected
2 Groundwater grab sample from boring B14
J - estimated value
μg/L - micrograms per liter
dup - duplicate
MCB - Marine Corps Base
mg/L - milligrams per liter
NA - not analyzed
ND - not detected
PAH - polynuclear aromatic hydrocarbon
TPH-d - total petroleum hydrocarbons quantified as diesel
UST - Underground Storage Tank
VOC - volatile organic compound

MW5

VOCs1 (μg/L)
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NON-HAZARDOUS WASTE MANIFEST 
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APPENDIX C 

LABORATORY RESULTS AND 
CHAIN-OF-CUSTODY FORMS 
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